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I. INTOODUCTION 

This final report covers work performed under contract NAS 10-8982 
for the period April 8 to October 8, 1977. The major effort has been to 
develop^ design, fabricate and test portable electrochemical analyzers 
for ffloncMBethylhydrazine and NO 2 measurement. The objective of this re- 
port is to summarize the major findings of this work. 

A prior report (1) details the electrochemical technology which was 
used to develop the fixed installation MODEL 7630 ECOLYZER. A similar 
approach has been taken in this program for the developutenL of Che 
portable instrumentation. 

Additional effort was needed to improve the MODEL 7630 ECOLYZER for 
its field application and this work will be discussed. 

In order to prepare this instrumentation for effective field im- 
plementation, instrument calibration and handling techniques were de- 
veloped along with needed accessories. 

In summary, the following tasks were completed within the scope of 
this work. 


TASK I: 


TASK II; 


TASK III: 


TASK IV: 


A portable MMH analyzer was developed, designed, 
fabricated and tested. 

A portable NO 2 analyzer was developed, designed, 
fabricated and tested. 

Sampling probes and accessories were designed and 
fabricated for this instrumentation. 

Improvements and modi f icat Lons were made to tlie 
MODEL 7630 ECOLYZER in preparation for field testing. 
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TASK V: Instrument calibration procedures and hydrazine 

handling techniques necessary to the successful 
application of this hardware were developed. 

The design goals for the portable instrumentation for NO 2 and 
are given in TABLE 1. The successful completion of these objectives 
was most easily accomplished using the commercially available 6000 
Series EOOLYZER “Hipster** design. Therefore, to meet these goals a 
MODEL 6601 mi EOOLYZER and a MODEL 6302 NO 2 ECOLYZER were developed. 

The following report discusses the effort necessary to aieet these 
instrument design objectives and successfully complete the major tasks 
of this work. 

II . EXPERIMENTAL 

The fundamental design of these instruments includes an electro- 
chemical cell as the vapor detection principle. A complete description 
of this technique has been reported (1) and therefore only a summary 
of the experimental techniques used for development of the instrumental 
tion is discussed here. 

A schematic diagram of the electrochemical sensor design is shown 
in (FIGURE 1). The three electrodes are all Teflon-bonded diffusion 
electrodes prepared by spraying a catalyst-Tef Ion dispersion onto a 
hydrophobic Teflon film. The Platinum and Gold catalyst materials were 
purchased as high surface area powder:>. These electrodes were sealed 
to a polypropylene chamber which was subsequently filled with electro- 
lyte. The aqueous electrolyte, was prepared from reagent grade materials 
and distilled and deionized water. 
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TABLE I 
DESIGN GOALS 

PORTABLE liVPERGOLlC VAPOR DETECTION SENSORS 


Single Channel MMH/hydrazine or NO 2 


Ranges (switch select) 

MMl - 0-2 ppm, 0-20 ppm 


NO 2 - 0-5 ppm, 0-50 

ppm 

Size 

6” X 4” X 3" 


Weight 

3.5 pounds 


Response Time (90Z) 

30 seconds 


Recovery Time (90Z) 

30 seconds 


Accuracy 

± 2Z F.S. 


Reproducibility 

± 2Z F.S. 


Noise 

IZ F.S. 


Specificity 

Specific for gas of 

interest 

Zero and Span Drift 

Below lOZ F.S. over 

30 days 

Operating Temperature 

32” - 104“F 


Operating Humidity 

5Z - lOOZ RH 


Continuous Operation 

8 hours 


Battery Recharge 

16 hours 
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Gold and platinum leads from the sensor electrodes were attached 
to a potentiostat (FIGURE 2) and hydrazine sensing electrodes were po- 
tentiostatically controlled at +100 mV with respect to the Pt/air refer- 
ence electrode while NO 2 sensing electrodes were controlled at -200 mV 
with respect to the sensor's Pt/air reference electrode* The reference 
electrode^ Pt/air, was stable to ± O.OIV at approximately 1.0 ± .030V 
in acid electrolyte with respect to the normal hydrogen electrode. 

Hipster sensors were filled with 13.5 cc of electrolyte. The hy- 
drazine cells used 23Z KOH solution while the NO 2 cells used 28Z H 2 SO 4 
solution as the electrolyte. All sensors for hydrazine analysis had 
Teflon faceplates. 

During sensor evaluation, gas mixtures were passed over the back 
(gas) side of the sensing electrode at constant flowrate, typically 
400 cc/minute, and the current produced by electrochemical reaction in 
the sensor flowing between the sensing and counter electrodes was moni- 
tored. The sensors currents were measured by monitoring the voltage 
drop across a precision resistor (typically IK) in seiies with the 
sensing electrode and displaying this voltage on a strip chart recorder. 
Background currents were measured for the sensor in a ’’static** con- 
dition (no gas flow through the sensor) and in a dynamic or "steady 
state" condition i.e., with a constant gas flow of "zero" grade air 
(79% N 2 » 21% O 2 ) through the sensor. Signals for the various gas mix- 
tures were obtained by filling gas sample bags with the desired mixture 
and, by using an air sampling pump, drawing this gas into the sensor 
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at flowrates which were constant for each analysis. In this manner the 
sensor signal (current) was measured as the difference in sensor output 
at steady-state between zero air and the pollutant gas mixture. 

A dynamic dilution apparatus was used to synthesize mixtures of 
Hydrazine, and UUMB. in both N2 and air. It consisted of a Sage 

Model 355 syringe pump which delivered liquid (neat) hydrazines through 
a septum-sealed port into the diluent gas stream. The system was all 
glass except for TFE valve stems. By adjusting the flowrate of diluent 
gas and hydrazine liquid, a variety of mixtures from < 1 ppm to > 100 ppm 
could be synthesized in a continuous fashion. These streams were collected 
in 50 liter Teflon sample bags which allowed several tests to be per- 
formed with the same homogeneous vapor mixture sample. For a detailed 
procedure for the operation of the dilution apparatus, see Appendix I. 

Wherever possible available standard gas mixtures were obtained. 

For N0/N2» N02/air, H2/air, CO/air, NH3/N2, H2S/N2, S02/air, and Freon- 
12/N2 samples, mixtures were obtained commercially at various ppm level 
concentrations while C02» ^2^ ^2 were obtained as pure gases. 

To obtain mixtures of these gases at intermediate concentrations, 
i.e., for linearity studies, a dynamic dilution scheme was used. It 
consisted of the pure gas or gas mixture and the diluent gas being 
continuously blended through two calibrated flowmeters (± 1 %). This 
allowed dilution mixtures over approximately one order of magnitude to 
be prepared with approximately ± 2% precision. 

In order to calibrate the hydrazine aralyzer, it is important to 
know accurately the hydrazine concentration. Due to the special prob- 
lems involved in preparation of hydrazines vapoi mixtures it was necessary 
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to develop precise procedures for vapor mixture analysis. Colorimetric 
methods were developed for the determination of hydrazine, MMH, and UIMi 
vapor in air or nitrogen by modifying previously existing methods. The 
exact procedures used in vapor mixture calibration are detailed in 
Appendices II-A, II-B, and II-C for MMH, hydrazine, and UDMH, respectively. 

The sampling method employed Involved direct collection of the vapor 
mixtures by trapping them in a midget impinger apparatus. Hydrazine 
vapors were collected in 0.1 N HCl, MMH vapors in 0.1 N H 2 SO 4 and UDMH 
vapors in a citric acid/Na 2 HP 0 ^ buffer solution. 

The analysis of aqueous samples of hydrazine and MMH consisted of 
reacting the N 2 H 4 or MMH with p-dimethylaminobenzaldehyde to form a 
yellow dye. Since UIMl does not form a dye with p-DMAB, another analysis 
was used which involved reacting the UDMH with trisodium-dimethylamino- 
pentacyanoferrate and analyzing the resultant red solution colorimetric- 
ally. All colorimetry was performed with a Bausch and Lomb Spectronic 
20, using a wave length of 457 nm for N 2 H^ and MMH and 500 nm for UDMH. 
Standard solutions of h, MMH, and UDMH were prepared gravimetrically 
from the appropriate salts of the hydrazine compounds. 

A Tenney Environmental Chamber was ur*ed to evaluate the instrument 
performance specifications under varying e .vironmental stresses. 


6 



III. 


RESULTS AND DISCUSSIONS 


For the purpose of clarity > this section of the report is divided 
into four discussions. 

A* The Model 6601 MMH Analyzer 

B. The Model 6302 NO 2 Analyzer 

C. The Model 7630 ^Mi/N02 Analyzer 

D. Analysis and Hcadling of Hypergolic Vapors. 

In each of these discussions the results of the test program will 
be discussed. 

A. The Model 6601 MMH Analyzer 

The initial phase in the development of this Instrument was the con- 
struction and evaluation of the electrochemical sensor. This transducer 
is the heart of the instrument analyzer since within it the electrochemical 
analysis of the hydrazine occurs. 

The ”hipster*' sensors described in Section II were selected for pro- 
totype instrument development. They exhibited a typical background current 
of 2 ijA and a sensitivity to MMH of approximately 13 pA ppm“^. This in- 
dicates a background signal equivalent to approximately 150 ppb. Initial 
sensors had a rise time of 50 seconds to 90% of signal and a decay time 
30 seconds to 90% of signal when tested at 7.7 ppm MMH and 400 cc min ^ 
of sample gas flow. A typical response is shown in FIGURE 3 where the 
arrows indicate exposure of the sensor to the MMH/N 2 mixture and then 
exposure to room air. The initial signal from the sensor is nearly in- 
stantaneous while the attainment of steady-state occurs only after sev- 
eral minutes. 
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The responee of this eenaov was measured at various flowrates be- 
tweeo 0 and 700 cc mln~^ for MMH/N2t N2H4/N2 and unffl/N2 vapor mixtures 
with the results shown in PICDRB 4. The concentration of HMH was approxi- 
mately 13.8 ppm while the oonc' ntration of 828^ was approximately 8.8 ppm 
and the concentration of UDMH was approximately 6.6 ppm. All the flow 
dependencies are similar and indicate that 400 cc min**^ or higher is a 
suitable flowrate for instrument operation. It is noted that the sensor 
signal for the most volatile of the hydrazines, UDMH, is least sensitive 
to flow above 400 cc mln~^. It was observed chat all of the hydrazines 
gave well behaved, repeatable steady-state signals at the flowrates 
studied. 

Subsequent to tliis initial sensor functional test, this sensor 
design was incorporated into the 6000 Series ECOLYZER instrument. A 
picture of the resulting analyzer Is shown in FIGURE 5. By reference 
to TABLE II the control functions of the instrument can be understood. 
Three instruments were fabricated in the design and identified as S/N 
BOOl, B002 and Prototype II. The Instruments were designed to operate 
in Che range 0-2 and 0-20 ppm MMH. FIGURE 6 illustrates how the instru- 
ment separates for service revealing the internal structure and layout. 

The major components from left to right contained in the top half are 
the Teflon 8anq>le intake, pump, panel meter and electronics and the 
lower half contains from left to right the audible alarm, the sensor and 
Che rechargeable battery pack. 

The Instrument's three basic functional sections; the sensor, the 
pump system and the electronic system are illustrateii' schewatically in 
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TAKX 


II 


onuxuD oomoLs and udicatobs 


mu 

OOmOLOK 

niDICAXW 

FUlCTKM 

1. 

Gas Iffval aster 

ladicates the level of pollwtaet 
ia parts per aillioa (ppa). 

2. 

Spaa Aljas^aeac 

Used to adjust the detector cali- 
bratioe whea perfotaiaR calibra* 
tioa procedure. 

3. 

Zeco AdJastMttt 

Used for the precise setting of 
the fastrMHnt aero. 

A. 

Alas* Set 

Used to set the level at tdiich 
the audible alare will activate. 

5. 

"W U«|ic 

IIluBiaaces to show punp is 
activated. 

6. 

**UM BAR” 

Illuminates irtien battery uolt* 
age is IcMf. 

1 . 

Probe ead Filter 
Asseably 

Used to saaple adblents and re* 
move particulates. 

8. 

OFF/L/H Switch 

tbms punp on and off selects 
range- 

9. 

Alan "OB/OFF" 
Switch 

Used to sxience audible alarm. 

10. 

Charging Receptacle 
(Located oe bottoa) 

Used for receiving plug from 
connector. 

11. 

Recorder Jack 

Display gas level on recorder 
trace. 

17. 

Gas Eshaust 

UscmI to divert saopled gas stream 
auay from user. (Hydrazine only). 
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FIGUBB 7. The puep draws the sanpled vapor mixture through the lutake 
and ieto the electrodiemicel seoeor at a constant flowrate. The sensor 
then analyses the vapor mixture producing an electric current which is 
proportional to the concentration of hydrasine in the vapor mixture. 

The electronics serve to control the sensor during analysis and amplify 
the output for display and alarm. 

Bepresentative responses at room te^>erature are shown in FIGURE 8 
for 7.4 ppm of Mfi in M 2 . The circles mark tlie 90Z rise and decay points 
and these are within 30 seconds of vapor mixture exposure. This response 
was more rapid than initial sensor testing since flowrates ior these Inr 
struments tiere typically greater. This will reduce effects due to ad- 
sorption and reaction of the vapor mixture prior to its analysis in the 
instrument sensor. The precision cf these analyses was ± 1.5Z and both 
precision and response times were found to be improved at higher concen- 
trations. Ac levels below 1 ppm Mffl response times of several minutes 
to 90Z of signal was observed with precisions of ± 3Z Co ± lOZ. 

The inscnment response was determined for several concentrations 
and the result is shown in FIGURE 9. The concentrations of MH was de- 
termined colorlmetrically by the method given in Appendix II with an 
accuracy of t 5Z. The inscnsBent is linear in tflW concentration within 
the experimental uncertainties in the measurements. The noise level on 
these particular instrisDencs was less chan 10 ppb Mfll. 

Studies of Che effects of temperature upon the performance of the 
ECOLYZER instrument for hydrasine analysis were carried out in an environ- 
mental chamber. At temperatures below 10°C, water vapor and hydrazine 
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drapers condensed in the instrunent intake tubing and It was very difficult 
to obtain accurate and representative results. Special precautions were 
taken, to utilise only dry gas nistures and exclude roon air fron the 
envirosKsatal chamber and the NOBEL 6601 intake. The results of these 
experinents are reported in FIGOBB 10. The .nstrunent output (FIGUBB 10k) 
eAibits a span variation of 38Z over the entire region of 2-40"C or 
approxiaately IZ/degree centigrade. This effect can be nininised by 
electronically oospensating for this span change and, indeed, this approach 
has proven successful in this type of electrochenlcal instnaaents for 
00, NO, and H02. Instraent sero changes (FIGUBB lOB) of ± 100 ppb are 
ebserved using this instrusent but this poses little problen since the 
instrunent can easily be seroed in the field ismediately prior to vapor 
■easureaenta. 

The sero and span drift neasureaents are conplicated since there is 
a sioultaneous tine dependence for zero and span drift occurring along 
with the tenperature ■easuresents. The sero drift of an intemittently 
operated MB hipster was 0.02 ppm over a period of 11 days and the span 
Jrift was 1.4Z over the sase period. On another Mil hipster 0.06 ppm was 
observed for sero dirft over 10 days. These drifts are necessarily in- 
cluded in the reported temperature a«asurements . 

From the descriptive instrusent data collected using the three pro- 
totype instruments, we have developed the general instrusent specification 
reported in TABLE III. By comparison with TABLE I (INTRODUCTION) we note 
that the design goals of the program have been achieved. 
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XftILB III 


IKTRIMOIT SPBCIFICATIOMS 



NHJBL 6601 MU HIPSTEB 

Ghargiag Poiier Baquireaencs 

llOV to 120V AC. 50/60 Bs 

Charging Tlae 

16 boura 

Operating Tiae widi Ftall Charge 

8 hours 

Standby Power Coosvnptioa 

<48 houra 

Banges (Ihial) 

0-2/0-20 ppn MIH 

Accuracy 

± SZ 

B^roducibility 

± l.SZ 

Besponae Tine (90Z Biae, Decay) 

36 aecooda 

■oiae 

U F.S. 

StabUicy 
Zero l^ift 

± 2Z F.S. per day 

Span Drift 

1 2Z of range per day 

Temperature Drift 

0*C - 40*C 

Hunidity Bangc 

5Z - 95Z R.H. 

Dinenaiona 

3" X 5" X 8" 

Weight 

3.5 pounds 
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Id any field use oob of tha nost iaportant characteriatica of an 
iastruBent la lea aelactlvity or diacrlBination. This is the ability to 
dntect the toxic vapor of Intereat In the presence of other atmospheric 
oonstltuenta. The interference due to selected pollutants for this hydra- 
sine sensor are given In TAELB IV. The major Interferences are found to 
be n 3 > H02* and the sulphur gases H 2 S and SO 2 . The normal constituents 
of ambient air namely M 2 » 02* 00 and OO 2 are not reactive with this sen- 
sor and therefore do not interfere with the vapor oialysls. 

Bydrasine vapors In air or nitrogen pose a special problem in analysis. 
The nature aid tlui area of the surfaces which are in contact with the vapors 
have an extensive effect on the vapor sdsture stability. Therefore, the 
design of this Instnaent Includes fittings and plunbing of PEP and TFE 
Teflon wherever the vapor nixture to be analyzed is in contact with the 
instruraent. In order to saaple specific locations at a distance from the 
instrument intake, a remote sampling probe was designed and constructed as 
shown in FIGWE 11. It Is a protectively sleeved Teflon tube with connect- 
ing fittings on each end. One fitting is designed to insert into the lOil 
Hipster instnment intake while the other fitting mates with a Teflon probe 
designed to be hand-held and smnple locally. The probe Itself has multiple 
recessed vapor inlets at the tip to avoid the possibility of clogging and 
also a Teflon screen particulate filter built into the handle. 

A prototype probe was constructed and evaluated with the result shown 
in FIGURE 12. The response of the Hipster is shown for 6.3 ppm M81 with 
the 14 foot Teflon pr<d>e attached to the instrument inlet. The response is 
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1ABLE IV 


nmotfisBicB BQUivAuns or selected pollutants 

MOOEL 6601 BO(H.TZBR 

READINGS DOB TO INTERFERENCE RATIO 

XHTEftrERSHT OH HO PPM IMTERFERENT - 


GAS MIMURE HIPSTER IN PPM PPM tOVL 


6 PRB IM 

6 ., 

1:1 

9.59 ppa MO 2 

-0.7, 

14:1 

107 pp« H 2 

0 . 01 . 

11000:1 

89. E ppB 00 

0.26, 

345:1 

2030 ppa GB 4 

0.05. 

40600:1 

111 pp« NHj (Max. Peak) 

31. , 

4:1 

2A.6 ppB MO 

0.07. 

350:1 

20.3 ppn SO 2 

3.2 , 

6:1 

30. A ppn H 2 S 

29. . 

1:1 

10 ® ppn M^ 

0.0 . 

> 10 ®:! 

10 ® ppn O 2 

O.OA. 

> 10^:1 

10® ppn He 

O.OA, 

> 10’: 1 

10 ® ppn OO 2 

5.0 , 

2 x 10* ;1 

1013 ppn Freon-12 

0.16. 

63W):1 
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the same nageituda aa the inetrument without the probe except a slightly 
longer approach to steady-state signal is observed . This means that cal i - 
hratloB of the Inatrumeat without the probe, will not cause error in the 
field when sas^ling with a probe. However, it is recoas«nded to calibrate 
with die probe In place since this will also insure proper probe perforaance 

B. THE MPDEL 6302 MO; AMALY2ER 

This instrua»nt development was based upon Energetics Science, Inc's 
gas nonitoring tectaiology (2, 3) and the recent developnent of the MODEL 
76M ECOLYZEK (1). The instrunent transducer operates by sensing MO 2 vapors 
electrochenically. The electrochemical reaction at the sensing electrode is 

HO 2 + 2H^ + 2e‘ NO -f H^O (1) 

while the reaction at the counter electrode is: 

H 2 O -► arf*" + I/ 2 O 2 + 2e‘ (2) 

This yields an overall cell reaction of 

m 2 ^ ^ ^ 1/20^ (3) 

for this sensor. Udder the conditions of cell operation this reaction or 
sensing mechsmism is highly selective. Similar to the previously des* 
cribed hydrazii^ transducer* this cell is ccmstructed from three Teflon- 
bonded dirfusion electrodes in the ''Hipster” design. 

The sensors selected for evaluation exhibited typical background 
currents of 1-2 |iA and a sensitivity of approximately 3 pA/ppm A 
typical sensor response is shown in FIGURE 13. The speed of sensor re- 
sponse is dependent upon both the cell electrode batch from which the 
transducer was fabricated and also upon the concentration. Sensor rise 
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tlas decraa8S8 at Increasing concentration proriding faster neasurenant 
at the oore dangerous levels. Besponses were leas than 30 seconds to 
90Z of signal even for the slowest cells at the low concentrations. 

The sensor signals were then neasured at flowrates between 0 and 1.1 
A nin'’* with the result shown in PIGUBE 14. The cell signal becoaes less 
sensitive to flowrate changes as the flowrate increases. In this case the 
cell will be operated above 1 A inin~^ and therefore should exhibit vir- 
tually no choiges in the output signal with minor fluctuations in tte in- 
strument flowrate. 

The cells were fabricated into the prototype Hipster instruments for 
evaluation. A picture of the resulting analyser* the EOOLYZER MODEL 6302 
^>2 Hipster is stuwn in FIGIRB IS. In FIGDBE 16 the internal construction 
and layout is illustrated. The major cos^tonents from left to right are: 
pump, panel meter, and electronics in the upper case half and audible alarm, 
electroctemical cell, and battery pack in the lower case half. In TABLE V 
the operating controls and indicators are listed. Three instnmencs were 
fabricated and identified as S/N AOOl, A002, and prototype VI. The instru- 
iwnts were designed to operate in the ranges 0-5 and 0-50 ppm NO 2 with 
switch selectable ranging. 

The instrument's basic functional coiqionents are shown in FIGUI^ 17 
consisting of pumping system, electrochemical cell, and control and display 
electronics. The pump pushes a saiq>le through the electrochemical cell 
where the vapors are analyzed and an output proportional to the NO 2 con- 
centration is produced. This output signal is displayed on the instrument 
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1ABLB V 


OratAXIHG CONTROLS AND UDICAXOBS 



oonnsL OR 

INDICAXOa 

FONCTION 

1 . 

Gas level aster 

Indicates the level of pollutant 
In parts pec siLllioa (ppm). 

2. 

8paa Adjustinsat 

Used to adjust the detector call- 
bration when performing callbca- 
tioB procedure. 

3. 

. to MJostneat 

Used for the precise setting of 
the instromeac zero. 

4. 

Alan Set 

Used to set the level at vdiich 
the audible alarm will activate. 

5. 

"OB’* Li^jtit 

Illuminates to show pump is 
activated. 

6 . 

. **LDH BAXl" LiejbC 

Illuminates when battery volt- 
age is low. 

7. 

Ptobe and Filter 
Aseesbly 

Used to sample aablents and re- 
move particulates. 

8 . 

OFF/t/a Switch 

Turns pu^ on and off selects 
range. 

9. 

Alan "ON/OFF" 
Switch 

Used to silence audible alarm. 

10. 

ChargiDg Beceptacle 
(Located on bottooO 

Used for receiving plug fr<m 
connector. 

11. 

1 

Becotder Jack 

Display gas level on recorder 
trace. 

1 

12. 

Gas Exhaust 

Used to divert sampled gas stream 
away from user. (Hydrazine only). 
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panel aeter directly In ppn NO 2 or can be recorded using the 0>1V recorder 
output provided. 

Representative responses of the HO 2 Hipster instrunents are shown in 
FlOmS 18. The circles indicate 90Z of sensor response and these are all 
within 30 seconds of initial gas mixture exposure. The precision for these 
instrunents was t IX at concentrations in the 0-50 ppn region while the pre- 
cision on the 0-5 ppn scale was typically i 1.5Z. Noise levels were 0.05 Pi** 
or lower corresponding to less than IZ of full scale on the nost sensitive 
operating range. Complete and accurate analysis for NO 2 is acconplished- 
«»ith this instrument in less Uian two minutes. 

In FICORB 19 the dependence of the instrunent output at tenperatures 
between 0 and 40*C is reported* A total span change of less than 15Z is 
observed over the range O-dO’C or approximately 0.3Z per ‘*C and normal 
tenperature fluctuations in ambient conditions are compensated. Typical 
zero changes of 0.2 ppm or 4Z of full scale on the most sensitive range 
are shown in FIGIRE 19 over the tenperature range 0-40*’C. As is observed, 
the Instrunent zero exhibits only a slight dependence upon Che temperature 
of operation. Both the span signals and the zero signals reported here 
have been compensated by installation of electronic coiq>ensatioD circuitry 
within the instrument. 

The response of Che Instrument was measured at concentrations between 
0 ppm and 10 ppm with the result shown in FIGURE 20. The linearity of the 
instrument was within the experimental error of the gas mixture with which 
the measurements were made. 
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The ioetrument specif icatiooe resulting from consideration of these 
neasuren«its are given in TAhLB VI. This summarizes the instrument char- 
acteristics and illustrates that the program design goals (TABLE I) have 
been achieved. 

The specificity of this instrument has been evaluated and the result is 
expressed in TABLE VII. The major interference is found for SO 2 gas mix- 
tures towever* no interference is recorded for the normal constituents of 
anient air. 

A probe assembly described in FIGURE 21 was designed to interface with 
this instrusient during aidilent sampling. No effect upon instrtment response 
was produced by attachment of the probe asseid>ly. The probe contains an 
in-line interfer»ce filter for field monitoring. This filter removes 
particulates and protects the instriment sensor. The probe is designed 
with several sampling ports at the tip so that it cannot be easily plugged 
and is fabricated from a single piece of polypropylene. Vinyl tubing is 
used to connect the probe tip to the instrument intake. 
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TABLE VI 


INSTRUHBNT SPKIPICATIONS 


ITEM 

MODEL 6302/N02 HIPSTER 

Charging Power Bequlreoients 

UO*’ to 120V AC» 50/60 He 

Charging Time 

Overnight (approx. 16 tours) 

Operating Time with full charge 

Eight (8) tours of continuous 
operation 

Standby Power Conaumption 

No more than 48 hours between 
charge and use 

Standard Ranges (Dual) 

NO 2 0-5 ppm/0-50 ppm 

Response Time 

90K of signal within 30 sec. 

Accuracy 

i 2X of full scale range 

Reproducibility 

± 22 P.S. 

Noise 

< 1% P.S. 

Stability 


Zero Thrift 

± 22 of full scale per day 

Span or Calibration 

± 22 of range per day 

Operating Tenq>erature 
(for full accuracy) 

32*F - 104®F 

Operating Relative Humidity 
Range 

52 CO 952 R.H. 

Physical Dimensions 

3” X 5” X 8" 

Weight 

3.5 lbs. 
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TABLE VII 


INTBRPERBHCB BQUIVALEMTS OF SELECTED POLLUTANTS 

INTERFKSEHCE RATIO 


GAS HIXTUBB 

READING DUE TO INTERFERENT 
IN PPM ON NO 2 HIPSTER 

PPM INTERFERENT « 
PPM NO 2 

6 ppm IMH 

- 0.02 

300:1 

9.59 ppm IH >2 

9.6 

1:1 

107 ppm H 2 

- 0.05 

2140:1 

89.8 pim GO 

- i 01 

8980:1 

2030 ppm CH^ 

- O.Ot 

33833:1 

111 ppm NH 3 (Peak Max.) 

- 0.1 

1110:1 

24.6 ppm NO 

- 0.15 

164:1 

20.3 ppm SO 2 

-18. 

1:1 

30.4 pim H 2 S 

- 0.06 

507:1 

10 ^ ppm N 2 

- 0.07 

10 * :1 

10 ^ ppm O 2 

0.15 

> 10® :1 

10^ ppm He 

- 0.15 

> 10® :1 

10 ^ ppm CO 2 

0.0 

NO INTERFERENCE 

1013 ppm Freon-12 

0.0 

NO INTERFERENCE 
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C. THE MODEL 7630 MMH/tl02 ANALYZER 

The MODEL 7630 IOU/IIO 2 BOOLTZSR was developed and as a coatinuoua 
monitor for MME and MO 2 la a fixed installation. The details of develop- 
ment and design have been reported (1). The performance characteristics 
of this instrument are summarised in TABl^ VIII and IX. 

The two prototype instruments, S/H I2S1 and 1282, after having been 
fabricated and tested at Energetics Science, Inc., were submittri to the 
Naval Research Laboratory, Washington, D.C. for evaluation. As a result 
of this evaluation several design modifications were suggested. Consul- 
tations with the Kennedy Space Center Technical Program Director regarding 
further specific ESC requirements suggested further design change in these 
instruments. The following tests were carried out to implement these re- 
design features and to evaluate their effect upon instrument performance. 

The pumping system in the instrument was evaluated to be Inadequate 
for extended periods of operation. It was therefore removed and the al- 
ternate pumping system shown in FIGURE 22 was Installed. This MMH sys- 
tem incorporates the same pump as the NO 2 analyzer section except that it 
is now located downstream from the electrochemical sensor. The tubing is 
fabricated from all .^flon parts from the sanq>le Intake to the sample 
exhaust from the sensor. The flow is adjusted through th> i.ensor at AOO 
cc min * allowing the remaining flow to exit through the system . ypass. 

In this manner the intake sampling rate is maintained at 1.5 i min~* 
while the analysis is perfcrmed in the clectrochenlcal sensor using on a 
fraction of the vapor mixture. 
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TABLE Vlll 


mOEL 7630 IMI/IIO 2 BCOLYZEE 

ANALYZER WO? ANALYZER 


Multi -ranges 

0-2. 0-20. 0-200 ppm 

0-5. 0-50. 0-500 p(M 

Minimum Detectable Sensitivity 

20 ppb 

50 ppb 

Rise Time 90X 

90 seconds 

<30 seconds* 

Fall Time 90X 

45 seconds 

<30 seconds 

Zero Drift* 

ilOX/30 Days 

ilQX/30 Days 

Span Drift* 

ilOZ/30 Days 

±101730 Days 

Precision 

a F.s. 

2 % F.S. 

Accuracy' 

5S F.s. 

2* F.S. 

Moise 

<1S F.S. 

<W F.S. 

Operating Temperature Range 

0-35®C 

0-35®C 

Operating Relative Humidity 

10-95S 

10-95X 

Dimensions 

8- X ff* 

X 16- » 

Height 

< 17 lbs. - 

7.7 Kg. > 

Readout 

Meter, SO Divisions 
Mirrored 

Recorder. 0-5V DC 

Meter. 50 Divisions 
Mirrored 

Recorder. 0-5V DC 


IWr ^ 105 - 125V AC 


* Cstinate 

1. Using a reference standard gas mixture of the same accuracy. With a 
more accurate standard reference method an accuracy within the 
specified precision can be achieved. 
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1ABLS IX 


INTERFEREIICC EQUI*ALEtlTS OF SaECTEO POLLUTANTS 


6as 

Mixture 

Reading Due to Interferent - PPM 


NO 2 Analyzer 

mi 

Sppm/Nz 

5 

8.0 

mz 

S fipn/Air 

-0.3 

5 

He 

23.400 vpmihir 

44 

-1.35 

CO 

248 ppm/Alr 

♦0.25 

-0.) 

CO2* 

— 

0.0 

0.0 

CH 4 

1000 PIMUM2 

0.00 

0.00 

1W3 

111 ppm/Na 

♦40 

0.00 

C 2 H 4 

2.27 ppm/H2 

♦ 0.1 

0.0 

"2 

10^ ppm 

0.0 

0.0 

O2 

±100,000 ppn/H2 

0.0 

±0.015 

hr* 

— 

0.0 

0.0 

He 

10^ ppm 

0.08 

0.0 

Freon TF(60X EtOH Azeotrope 





1000 ppoi^N2 

♦0-2 

0.0 


* Estimate 
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The effect of this ctaenge upon instruBeet perfonauce at varloua 
teeperaturee was evaluated. Since the MO2 section of the instruaent was 
not changed It was not iacliried In these aaasureaants and only the Ma 
channel of the instxvnsnt was evaluated. The results of the evaluation 
are shoim in FIGUBB 23. In FIGUtB 23h the span change after roon tenpera- 
turn calibration C23”C) is appcoxlnstely 18Z up to 3S*C and 18Z down to 
2*C. This corresponds to 0.8 to 1.3Z span change per ”C. In FIGUBB 238 
the dynanlc aero is shown ae a function of the tenperature. The instru- 
nent output is for the aost sensitive range where 0-SV is equivalent to 
0-2 ppn MfH. The total variation in aero is approainately 400 nV or 0.16 
ppn MIB over the range of 2"C to 3S*C. 

These fixed installation instrunents are designed to be used with a 
fifty foot saapling line and. therefore, require the ability to rapidly 
dree a sanple through a 50 foot length of sanple hose and perfom an anal- 
ysis. After several Joint experinents with the Naval Research Laboratory, 
both ESI and NRL concluded that the sanpling tuoe would be constructed of 
FEP Teflon. A fifty foot length of three sizes of Teflon tubing was evalu- 
ated for the sanpling systen. The coaparison of the results for 1/8" O.D.. 
3/16” O.D.. and 1/4” O.D. Teflon tubing is sunnarized in TABLE X. The 
size of the tubing has a narked effect on the flow and the pressure at the 
instruaent intake. At these flowrates, however, the theoretical purge tine 
(tube volune t flowrate) is acceptable for all three types of tubing. The 
critical consideration is the effect of the tube upon the ECOLYZER per- 
fomance. In FIGURES 24 and 25 the results are given for the Wfll sensor 
and the NO 2 sensor, respectively. These results are suasaarized in TABLE X. 
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URCt OP SO FT. or IDUHI H»1K <■ mon. TOSO BOOUm SAl 0>1202 


PfWMMMKB 




«0 

TOOUB 


1 /r 

lasttiMttnt latakiB Flow 

(cc/«1b) 

U» 

1270 

1100 

870 

PvMowca Drop (tort) 


0 

5 

20 

66 

Iteocetieal Pu^ TfaWB 

(sec) 

0 

12.7 

6.7 

4.7 

Ml SBBOR BBPOMSB 

Time to lot Indlcatloa 

(aec) 

0 

18 

12 

6 

loV/ppa (S.7 nm HB) 


230 

211 

211 

202 

90Z tioo (aec) 


00 

120 

90 

84 

fn Docsgf (aec) 


30 

72 

60 

50 

»2 SENSOa RBSPQHSB 

Tine to 1st Tndlcatioo 

(sec) 

0 

18 

9 

4 

AaV/ppa (9.59 ppo 102) 


100 

100 

100 

98 

90Z Biee (sec) 


18 

48 

36 

30 

90K Decay (sec) 


12 

40 

24 

30 
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Ite clae to first ladicatioa of the vapor aixture Is rapid although 
differaat froa the thaoreclcal porgB tiae. The 1/8" tobiog was Judged 
less a cc e p table siece It had aa effect of approxiaately 2 % upon tte NO 2 
laatruBBat spaa aad 6Z oa the Mil iastruaeat spaa. The 3/16" tid»iog aiai- 
^aed this spaa chaage while at the saae tiae aaiataiaed a rapid sigaal 
rise aad tecay tiae diaracteriatic. Therefore, 3/16" FEP Tefloa is the 
beat choice tube of those tested for use as a SO foot saapling probe. 

Other aodificatiom Mde to the iastruaeat iacluded chimging the ia- 
tdce aad eihaust flttlags to 3/16" Tefloa coapressioa fittlags, pimiag 
diese flttlags ia the hoaslag to avoid slippage; aodiflcatioo of the 
seasor eadplate to accoaaodate the aew pluabiag desigas, andificatioo of 
the diassls to accoaaodate the aew iateraal layout desiga aad teaporary 
securing of the circuit rards. The instruaents were then thoroughly 
esaalned and calibrated before delivery to Kennedy Space Center for field 
test evaluation. 

D. AMALTSIS AMP HAIIM.IWC OF HYPERCOLIC VAPORS 

One of the aost essential phases in the developaent of new technology 
is the developaent of a successful inpleaentation scheme for tte technology. 
In the case of the hypergplic vapors, this requireoent is for laboratory 
calibration procedures, field fimctional testing and field calibration. 

For the NO 2 (N 2 O 4 vapor) detectors, calibration is accoaplislied in 
the laboratory or in the field using coanercially available NO 2 /AIR gas 
mixtures. Since these cone in a variety of sizes, a suitable sample for 
field use is available. During calibration or sensor functional testing, 
the gas mixture is dispensed from the cylinder into a 5 liter Teflon gas 
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sasiplci bag* This saspla hag la thes attached to the lostruneat iotake 
fittlag via a callhratloa hag adapter aad the instrsBent draws the saaple 
lato the sassor aad parfons tha aaalysia. By having a knowledge of the 
BO 2 gM aixtara coaoeatratioa, usually supplied as t 2Z accuracy* the 
aaalyser can ha calibrated. 

Baergatics Scieaoe* Inc. haa developed a aero air filter which is 
capable of reaoviag electrocheaically active gaaea fnm an Mbient air 
stceaa. This device is 4** long aad 3/4" in diaaster aad can interface 
with any ICOLYZBg aaalyser. This allows the operator to sero the instru- 
neat in the Idmratory or in the field sinply by attaching the filter to 
the analyser intake. This procedure is recoaoiettded for tte Hodel 7630F, 
the Madel 6601, aad Ho^l 6302 EOOLYZEK for instnenent zero adjustnents. 

The calibration of the IWB analyzer requires the generation and 
analysis of H, MSI and U0I91 vapor mixtures and their analysis by a stan- 
dard analytical teclmlque. 

Vapor mixtures of Hydrazine, Hononethylhydrazine, ai^ Unsymetrical- 
dlaetlqrlhydrazlne were prepared in a dynamic dilution system. This dilu- 
tion system and its operation are described in Appendix I and Section 11 
(BZPBRDSIIIAL) of this report. 

The performance of this dilution system was evaluated by collecting a 
variety of sanples over the course of several months of operation and analy- 
zing them color imetrically. The theoretical concentration was calculated by 
assuming a 951 purity for the starting hydrazines and measuring the liquid 
and N 2 gas diluent delivery rates. A susmary of the result is shown in 
TABLE XI. The efficiency of impinger vapor saaple collectors was also 
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1ABLB XI 


nOBAZIlBS DILUTION SYSTEH PERFORMANCE 
1 

Syrin^ Ponp S«ttiogs 60S 1000 
10 iii Syringe 700 cc/mln H 2 


VAPOR 

TBROSmCAL 

OOHCURBATIOH 

OCHJORIMBmC 

ONHZIRRATIOH 

EFFICIBKT OP 
DlUmOH SYSTEM 

EFFICIENCY OF 
GOLLBCnOK § 475 cc/min 

mi 

9.4 pp« 

4-9 ppa 

38-961 

99.82 

"A 

14.9 ppa 

4-11 ppa 

27-74X 

99.82 

nMi 

6.2 ppa 

2-5 ppn 

32-812 

952 
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evaluated by placing an eltctrocheaical sensor on Che output of the io> 
plager. The oollection efficiency is 9S-100Z while the dilution systen 
efficiency can vary between 27 end %Z. Therefore it is extremely iqior- 
cant to perform a colorimetric analysis of the vapor mixture prepared in 
die dilution apparatus before it is used for instrument calibration. 

After generation* these vapor mixtures were trapped in Teflon sample 
bags and thm diey were analysed using an electrochemical sensor. The 
results ace given in TABLE XII. The vapors exhibit greater stability in 
nitrogen than in air in these Teflon vessels and in general the order of 
stability can be given as UDIffl > MHH > H at the 5 ppm level. In PIGORB 25 
the stability of Uixn in H 2 is shown over an extended time. In this test 
a 50 liter Teflon vapor sample bag was filled with approxiaiacely 8 ppm 
U 1 )HH/H 2 and analysed using an electrochemical sensor at various times. 

Since Che stability of the UDtH mixture is good showing only SZ decay over 
48 hours this would be a mixture stable enough to be transported short 
distances for field calibration of the hypergolic instrumentation. Vfhen 
sdxtures of H or Mtl are used for instrument calibration, they should be 
prepared and analysed as they are used. 

We have evaluated several alternate methods for field calibration of 
the WU analyser. One used a glass container with a semipermeable me^rane 
housing containing neat Hydrazine. A second was a sealed polypropylene 
housing filled with a solution of H, IfilH or UDMH in contact with a porous 
Teflon menbrane. Both of these techniques exhibited instability in the 
liquid phase over relatively short (5-day) timi intervals. These methods 
were, therefore. Judged inadequate for the construction of field calibration 
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TABLE m 


ISffl, ABD UmtH STABILITY IN TEFLON 


PERCENT DECOIg<BITION AFTER 30 MItllJTES 


1 ti^T”T— 

IN NITROGEN 

IN AIR 

5 ppm MSI 

2.AZ 

7Z 

S ppm 

11 Z 

24Z 

S ppm UDHH 

0 Z 

OZ 
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dsvlees. Similar parforaance ms foimd for a ataodard hydrazioe pecaea> 
tioa device. 

A third approach to field calibration of the HMH analyaer was evaluated » 
namely» the elgnal due to an alternate reactive gas la uaed as a meaaure 
of the aenaor activity for hydraaine. For such a achene to be aucceaaful, 
the alternate gee oust be a measure of the catalytic activity of the elec- 
trochemical cell for hydrazine oxidation. Such a dependence would not be 
easily predicted but could be present in this type of chmiical system. The 
results of this evaluation are given in TABLE XIII. The results show that 
the electrochemical cell activity toward NO 2 and H 2 S e^lbits similar char- 
acteristics to the cell activity for Hlffi. The other gases studied in the 
ppm region show no obvious correlation. The H 2 S/Mffl activity ratio is 1.08 
± 16X and the H02/IM1 activity ratio is 9.6 ± AZ. The NO 2 signal was nega- 
tive making this measurement not easily read on the instrument meter output 
without additional electronic modification. None of the gases tested were 
judged acceptable for Instrument calibration but H 2 S/N 2 gas mixtures could 
provide a convenient field functional test gas for this instru^nt. Hydro- 
gen sulphide gas mixtures prepared in nitrogen are commercially available. 

The activity of the sensor for all the hydrazines l.e., H, (ftfil, 
and UDMH was measured. The signals were characterized using both 6000 
Series and 7000 Series sensors. A knowledge of this activity will allow one 
to calibrate the Instrument for either H. MMH or UDMH and by application of 
an appropriate scale factor obtain an accurate measurement for each of 
these vapors. The Hipster 6000 Series Instrument when calibrated for MMH 
will be calibrated for H by multiplying the observed MMH readings by 1.1 
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TABLE mi 


CALIBRATION OF Ififfl SENSORS BY ALTBBNATB GAS EXPOSURE 




AL1EBI1ATB GAS/MMH 


7-28-77 

CELL f 

HFS-35-A 

BFS-21 H-MMH-7 

H-WfH-18 

H-MMH-19 

SO 2 

2.83 

Gave no signal 


— 

H 2 S 

0.817 

0.92 1.14 

1.06 

1.45 



B 2 S/MHB « 1.08 ± 162 





ALTERNATE GAS/MMH 


9-6-77 

CBU. f 


HFS-47 

H-ratH-16 


NO 

97.3 

92.3 

34.1 


CO 

4280 

1030 

233 


®2 

864 

545 

1690 


NH 3 

8.79 

22.6 

4.25 


NO 2 

- 10.2 

-9.03 

-9.60 



NO 2 /MMH = 9.64 ± 4.2% 
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and will be calibrated for UDHH by multiplying the observed MMH reedlege by 
1.4. Ttra 7000 Series instrument will require a calibration factor of 1.1 
for H and 1.6 for Onffl. These calibration factors are accurate to ± 15-20X 
at present and are applicable in the linear range of these instruments. 

Drift and temperature characteristics of these analyses have not been com- 
pletely verified but as more sensors and Instruments are fabricated, this 
cross- calibration factor will be refined to i lOX (the limit of this re- 
finement will be approximately ± 5-lOZ. It can that be certified for each 
instrumoit and allow accurate field measurement of all tte hydrazines with 
only a single calibration. 

The prior discussions of instrument performance have relied upon a 
suitable method for instruii»nt calibration. Therefore, considerable effort 
was used to develop a reference technique for hydrazine analysis. The methods 
examined included direct chromatographic detection, derivatization gas chro- 
matography. stain tidte analysis, titration methods, and colorimetry. Of 
these techniques, the colorimetric method was selected for further -i.^velop- 
ment (4). 

Calibration curves were determined for the colorimetric methods given 
in Appendices II A. B. and C using the N2H/^*(HC1)2 and tPQl *11280/^ salts which 
were quantitatively diluted to ppm and sub-ppm levels in acid solutions, and 
neat UDMH which .as diluted in a buffer solution. The results are given in 
FIRURES 26. 27 and 28 for H. MIffl, and UDMH, respectively. 

Vapor sanqiles from the dilution system were prepared for analysis by 
collection In a midget impinger. The details of the procedure used for 
each type of vapor are outlined in Appendices 11 A. B. and C. Typically 3 
to 5 liters of vapor mixture was passed through the impinger at 475 cc/mln. 
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The precision of colorimetric analysis of hydraslne vapor mixtures was 
about t 6X as determined by repeated analysis of a single gaseous mixture, 
but the precision of the analysis of the standard aqueous hydraslne solu- 
tions was bbout t 12 Indicating that the greatest source of error Is in the 
collection of the vapors. 

The lowest detectable concentrations of hydrasines In the aqueous 
stats for procedures employed are 0.5 ppm, 0.05 ppm and 0.2 ppm for HMH, 
and ODMH respectively. Since the concentration of aqueous hydrazines 
depends upon the volume of vapor mixture collected as well as the concen- 
tration of the hydraslne vapor, extronely low concentrations of hydrazine 
can be detected, as long as enough vapor is collected. To realize the 
stated accuracy, the volume of vapor which needs to be collected are given 
In TABLE XIV at the various levels of concentration. 

IV. CONCLUSIONS AND RECOMtffiNPATIOHS 

Fixed installation 7000 Series and a portable 6000 Series hypergolic 
vapor detection instrumentation has been developed, designed, fabricated, 
and tested. Accessory hardware and supporting technology has been developed. 
These instruments are capable of reliable measurement of H. ^001. UlMl. and 
NO2 and meet this program's required design goals. 

The success of this type of instrumentation gives impetus to the fu- 
ture development of more advanced electrochemical instrumentation. The 
present technology, for the first time Introduces a cost-effective and re- 
liable method frr field measurement of hypergolic vapors. Yet these instru- 
ments will not provide for all the needs of future hydrazine instrumentation 
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T4BIX XIV 

mms VAPOR HBGBSSASr FOR 8PBC1FIE0 ACCURACY USING COLORIMETRIC 

ANALYSIS 









0.1 ppa 

106 

Liters 

19.1 

Liters 

33.4 

Liters 

1 ppm 

10.6 

Liters 

1.91 

Liters 

3.34 

Liters 

10 ppm 

1.06 Liters 

0.19 

Liters 

0.33 

Liters 



and while they are state-of-the-art instruaents, they do not reveal ultl- 
■ate capabilities for this electrocheaical detection system. 

Present liaitations of the sensing technique are detection specificity 
and sensor lifetime. These characteristics can be improved by further sen- 
sor developments along with ii^>rovements in accuracy, environmental stability, 
sensitivity, and attitude sensitivity. Future applications of electrochem- 
ical sensing technology can be made in the development of analytical instru- 
mentation, dosimeters, and safety monitors for hypergolic vapors. 
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APPENDIX I 


OPERATION OF THE HYDRAZINES DILUTICM APPARATUS 

The Hydrazine Dilution Apparatus is used to make hydrazines vapor mixtures of 
< 1 ppm to > 100 ppm in a continuous manner. The dilution apparatus is shown in 
FIGURE I-A-1, which is contained in a large fume hood, since the hydrazines are of 
a toxic and dangerous nature. Also, any bottles or vials of neat hydrazines are kept 
in the hood. 

The apparatus operates by supplying a uniform low flow of liquid Hydrazine, 
Itffl, or UDMB contained in a IG pi Hamilton syringe with a Sage Model 355 syringe pump 
through a septum sealed port into a custom fabricated glass mixing apparatus through 
which a diluent gas flows. 99.9998Z N 2 was most frequently used as a diluent since 
hydrazines vapors were found to be more stable in N 2 than air. A controlled flmi of 
the diluent gas passes through a pre-conditioning chanber, which nay be used to warm 
the gas stream wten relatively high concentrations (> 50 ppm) of Hydrazines are desir- 
ed. It then passes the syringe needle, picking up the vapor and Into a 1 liter bulb 
%ihich mixes the vapor and diluent gas. The vapor mixture then may be divided by two 
teflon glass valves and the sampling stream passes a 603 Natheson flo%#meter. The 
vapor mixtures may either be collected in Teflon bags for remote sampling or be used 
directly from the sample exit stream. 

To set up the dilution system, the diluent gas source at 40 PSl (In the case 
of N*>, a gas tank) is connected to a manifold which supplies the diluent to the glass 
mixing apparatus. The diluent is adjusted to the desired sample flow (using the sam- 
ple flowmeter with the vent valve closed) by using the appropriate valve on the mani- 
fold. A 10 |ii syringe is filled with neat FMi, Hydrazine or UDMH from a Teflon valve 
cap vial containing the proper liquid, moving the plunger up and down several times to 
rinse and remove bubbles from the syringe. The syringe is Injected into the septu^i 
port in the glass mixing apparatus, and placed on the syringe pump and secured with 
the clamp. The syringe pump carriage Is placed on the pump end the syringe pump Is 
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put oo a high speed uatil the carriage Is Just pushing the syringe plunger. The puap 

1 

Is then adjusted to sose loner delivery rate (for exaaple settings 60Z flow X Y(XW )* 

After allowing 15 alnutes for the systen to reach steady state, the vapor Bdxture is 
ready to be sanpled. 

The theoretical concentration of the vapor can be found by knowing the delivery 

rate of the liquid and the flowrate of the diluent. The equation giving the ppn vapor 

concentration by volusK is: nl 

AD X 24450 nole X 10* ppn 
[na. H, or UDMI] « MF 

nl 

where: A » the delivery rate Hydrazines liquid ( 

D “ the density of the liquid (g/nl). 

M = the nolecular weight of the liquid ( 8 ) . 

sole 

F the flowrate of the diluent (nl/nln). 

Since the syringe punp delivers 0.024 nl/nin for a 10 u£ syringe at punp settings lOOZ 
Flow X 1, A Is given by: 

A « 0.024 nl/nln ^ (2) 

lOOZ 

where B » Z Flow 

C « XI, X i X ^ or X — 

10 , 100 1000 . 


Substituting ejuation (2) into (1) gives: 

[IMl, H, or UDMl] 


0.024 nl/nin BCD X 24450 nl/nole X 10* ppn 
M F lOOZ 


(3) 


(For exaaple at puap settings 60Z X and diluent flow of 700 nl/nln yields 

1000 

0.024 nl/nin z 0.866 g/nl x 60Z x ^ x 24, 450 ml/mole x 10* ppn 

= 1000 = 9.4 pp„. 

X 46 g/nole x lOOZ x 700 ml/Bin 

Bag samples are collected by disconnecting the sample stream from the flowBieter 
and connecting a Teflon bag to the sample stream* The bag is left on until it is 95Z 
full. The bag is then removed and its valve is closed. The sample stream is replaced 
on the flowmeter. The bag may then be calibrated colorimetrically or electrochemlcally 
and used for remote sampling* 
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For direct saapling the saaple streaa is connected to a 500 al plastic bottle 


'rf.th a saaple exit and a vent. A portion of the saaple streaa is then drami for 
testing. 
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APPENDIX II 


ANALYTICAL PROCEDURES FOR H, HI«, AND UDIRl ANALYSIS 

A. Detecminatloa of Gaseous Mon<»ethylhydrazine. 

B. DeterDloatlon of Gaseous Hydrazine. 

C. Determlnacion of Gaseous Unsysaiecrical Dis^thylhydrazine. 
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APPENDIX II-A 


DETERMINATION OF GASEOUS M)NOMETHYLHYDRAZINE 


A. Preparation of PDMAB Dye Solution 

1) MIX: 

1.6 g. p-dinethylaminobenzaldehyde 
15 ml concentrated HCl 
200 ml Methanol 

2) Store the dye solution in an amber bottle in a dark place. 

Shelf life two weeks. 

B. IMi Stock Solution, 100 ppm 

1) Carefully weigh 0.156 g. of M^ft^. H 2 SO 4 salt on an analytical balance. 

2) Ct^apletely transfer the IWH . H 2 SO 4 to a 500 ml volumetric flask con- 
taining about 100 ml 0.1 N H 2 SO 4 . Shake the flask, dissolving the MMH. 
U 2 SO 4 . Fill to the mark with 0.1 N H 2 SO 4 . 

C. Use of the Spectronic 20 Colorimeter 

1) With the instrument off, ensure that the ''blue” phototube, number 
CE-A59RX (gray internals), for wavelengtiis less» than 650 nm is installed. 

2) Turn the instrument on by rotating the Power - Zero control clockwise 
and allow the instrument to warm up at least 30 minutes before use. 


D. Sampling 


1) Pipet 25 ml of O.IN H 2 SO 4 into a midget impinger with a bubbler attachment. 

2) Connect the inlet of the impinger to a female fitting to allow easy bag 
sampling. Connect the outlet to a flowmeter and the flowmeter to a 
valve and the valve to a pump with tygon tubing (See Figure IIl-A-1), 

3) Turn the pump on and adjust the flowrate between 700 and 200 cc/min with 
the valve. NOTE the flowrate. 


4) 


Calculate the time needed to collect the desired volume of MMH/N 2 or 
MMH/Air by the equation: 

F.R. (cc/miu) 

Collection time (Minutes) - Volume cc 


Conr»ect the bag sample or other source of MMH vapor to the impinger inlet 
and start stopwatch, 

5) After collecting for the desired time, remove bag or other source of MMH, 
stop stopwatch and turn off pump, 

6 ) Collect 106 liters at O.l ppm MMH, 10.6 liters at 1 ppm MMH, and 1.06 liters 
at 10 ppm MMH. Tliis volume needs to be determined by trial and error for 
unknown vapor samples. 
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^alysts 

1) Turn on the Spectronlc 20 and allow Ic to warm up* 

2) Prepare a blank by pipeting 5 til of O.IS H 2 SO 4 to one of the test 
tube cells* supplied with the coloriiseter* 

3) Pipet 5 ml of the sample solution in the impinger to a coloriiaeter 
test tube* 

A) Pipet 2 ml of the PDMAB dye solution to each of the test tubes* 

5) Stop per the test tubes and allow to stand for 30 minutes* 

6 ) After 30 Biinutes^ read the ZT as follows: 

a) Set the Spectronlc 20 wavelength dial at 457 am 
and adjust the zero control so that the meter 
reads OZT with the cell holder eapty and the 
cover closed. 

b) Ensure that there are no bubbles in the blank sample 
and wipe the outside of the cell clean with a tissue. 

Open the cell holder cover and insert the test tube 
cell, aligning the mark on the cell with the line on 
the holder. 

c) Close the cover and adjust the LIGHT control 
until the meter reads lOOZT. 

d) RenK>ve the blank and save for future use. 

e) Ensure that the sacple cell contains no 
bubbles and wipe tae outside clean with a 
tissue. Insert the cell in the holder, 
aligning the mark on the cell with the mark 
on the holder* 

f) Close the cover and read %T. NOTE the result* 

g) Repeat, steps b,c,d,e, and f three times and 
take average ZT value, 

7) Remove sample from colorimeter* If additional samples have been 
prepared for measurement, repeat steps 6 b through 6 g for each sample. 

8 ) Convert the average %T of the sample to A (absorbance) by the formula 

100 

A = log 

9) Obtain the MMH value from the calibration curve. 
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F. Calculation 


The coQcentraCion of gaseous >IMH in or air Is found by the equation: 


ppm IWa « A 13.3 
A 

A ppm KMH in the solution sample. 

V «* volume HMH/N 2 or KMH/Alr collected in cc? 


G. Calibration Curve 

1) Frepace a 10 ppm MMH standard solution by pipeting 10 ml of the stock 
solution to a 100 ml volumetric flask and diluting to the mark with 
O.IN H 2 SO 4 . tepeat for standard solutions of 8,5,2 and 1 ppm MMH by 
pipeting 8 , 5 , 2 , and 1 ml respectively instead of 10 ml. 

2) Follow steps, El through E 8 in the analysis using the standard solutions 
as samples. Plot A, absorbance, vs. ppm >1MH on graph paper. Draw 

the best straight line through the points and extrapolate to 0 ppm. 

3) A separate curve shall be prepared for each colorimeter. A new curve, 
shall be prepared if it is necessary to change the colorimeter lamp 
or phototube. 

4) Standard samples should be run periodically (l.e., one with each days 
calibrations) to check the accuracy of the calibration curve. 
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APPENDIX II - B 


DETERMINATION OF GASEOUS HYDRAZINE 


A. Preparation of PDMAB Dye Solution 

1) Refer to Section A In the Determination of Monomethylhydrazlne 
Appendix II-A. 

B- N 2 H 4 St ock Solution, 100 ppm 

1) Carefully weigh 0.132 g. of N2H>^»(HC1)2 salt on an analytical balance. 

2) Completely transfer the N2H4*(HC1)2 to a 500 ml volumetric flask 
containing about 100 ml O.IN HCl 2 * Shake the flask, dissolving the 
N 2 H 4 -(HC 1 ) 2 * Fill to the mark with O.IN HCl. 

C. Use of the Spectronlc 20 Colorimeter 

1) Refer to Section C in the Det-.rmination of Monomethylhydrazlne; 

Appendix II-A. 

D. Sampling 

1) Pipet 25 ml of O.IN HCl into a midget impinger with a bubbler attachment. 

2) Refer to Sections D 2-5 in the Determination of Monomethylhydrazlne, 
Appendix II-A. 

3) As a guide, collect 19 liters at 0.1 ppm H, 1.9 liters at 1 ppm H, and 
0.2 liters at 10 ppm H. 

E. Analysis 

1) Turn on the Spectronlc 20 and allow it to warm up. 

2) Prepare a blank by pipeting 25 ml of O.IN HCl into a small vial. 

3) Transfer the entire impinger sample to a small vial. 

4) Pipel 1.25 ml of the PDMAB dye solution to each of the vials. 

5) Cap the vials and allow to stand for 20 minutes. 

6 ) After 20 minutes, read the %T as follows: 

a) Set the Spectronlc 20 wavelength dial at 457 nm 

and adjust the zero control so that the meter reads 
0%T with the cell holder empty and the cover closed. 

h) Rinse a test tube cell twice with the blank and fill 
halfway with the blank. Wipe the outside of the cell 
clean with a tissue. i ,»en the cell holder cover and 
insert the test tube cell, aligning the mark on the 
cell with the Line on the holder. 
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c) Close the cover aad adjust the LIGHT control 
until the meter reads 100%T> 

i) Remove the blank and save for future use. 

e) Rinse a cell twice with the sample and fill 
halfway with the sample. Wipe the vutside 
clean with tissue. Insert the cell in the 
holder » aligning the mark on the cell with 
the mark on the holder. 

£) Close the cover end read %T. NOTE the re- 
sult. 

g) Repeat, steps b,c,d,e, and f three times 
and take average ZT value. 

7) Remove sample from colorimeter. If additional sanples have been prepared 

for measur^ent, repeat steps 6b through 6g for each sample. 

8) Convert the average ZT of tlie sample to A (absorbance) by the formula: 


* 1 

A - log (^) 

9) Obtain the "value from the calibration curve. 
P. Calculation 


The concentration of gaseous N2^4 ^2 found by the equation: 

ppm N 2 H 4 = A 

V 

A = ppm N 2 H^ in the solutloa sample. 

V *= volume N 2 H 4 /N 2 or N 2 H/^/Air collected in cc? 


G. Calibration Curve 

1) Prepare a 10 ppm ^ 2 !!^ standard solution by pipeting 10 ml of the stock 
solution to a 100 ml volumetric flask and diluting to the mark with O.IN 
HCl. Repeat for standard solutions of 8,5,2, and 1 ppm N 2 ll^ by pipeting 
8 , 5 , 2 , and 1 ml respectively instead of 10 nl. 

2) Follow steps El through E 8 in the analysis using the standard solutions 

as samples. Plot A, absorbance, vs. ppm on graph paper. Draw the 

best straight line through the points and extra polate to 0 ppm- 

3) A separate cover shall be prepared for each colorimeter. A new curve, 
shall be prepared if it is necessary to change the colorimeter lamp or 
phototube. 

A) Check calibration often by analyzing a standard sample. 
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APPENDIX II - C 


DETERMINATION OF GASEOUS UNSYMMETRICAL DIMETHYLK t DRAZIN2 


A. Preparation of Buffer Solution 

1) MIX; 

9.6 g Citric Acid 
15.7 g Na2HP04 
2 liters distilled water. 

2) Adjust the pH to 5.4 (with a pH meter)? with citric acid? 

B . UDMH Stock Solution 


1) Fill a 500 ml volumetric flask with buffer solution to the line. 

2) Transfer (63 x (purity of UDI.H) ) pi of neat UDMH with a 100 pi syringe 
to the flask. Shake the flask. 


C. Use of the Spectronic 20 Colorimeter 

1) Refer to Section C in the Determination cf Monomethylhydrazine Appendix 
Il-A. 


D. Sampling 

1) Plpet 25 ml of buffer solution into a midget impinger wl^h a bubbler 
attachment. 

2) Refer to Sections D 2-5 in the Determination of Monomethylhydrazine, 
Appendix II-A, however the flowrate through the impinger should be 
between 200 and 400 cc/min. 

3) As a guide, collect 33 liters at 0.1 ppm UDMH, 33 liters at 1.0 ppm UDMH, 
and 0.33 liters at 10 ppm UDMH. 

E. Analysis 

1) Turn on the Spectronic 20 and allow it to warm up. 

2) Prepare a 0.1% TPF solution by transfer ing 0.1 g of trisodiumpenta- 
cyanoamino ferrate into 10 ml volumetric flask and filling to the mark 
with distilled water. 

3) Prepare a blank by pipeting 7 ml of the buffer solution to one of tf 
test tube cells supplied with the colorimeter. 

4) Plpet 7 ml of the sample solution in the impinger to a colorimeter test 
tube. 

5) Pipet 1 ml of the TPF solution to each of the test tubes. 

6) Stop the test tubes and allow to stand for 20 minutes. 

7) After 30 minutes, read the %T as follows: 
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a) Set the Spectronlc 20 uaveleR^th dial at 500 nm 
and adjust the zero control so that the meter 
reads OZT with the cell holder empty and the 
cover closed. 

b) Ensure that there are no bubbles in the blank 
sample and wipe the outside of the cell clean 
with a tissue. Open the cell holder cover and 
insert the test tube cell, aligning the mark 
on the cell with the line on the holder. 

c) Close the cover and adjust the LIGHT control 
until the meter reads lOOZT. 

d) Remove the blank and save for future use. 

e) Ensure that the sac^Ie cell contains no 
bubble.^ and wipe the outside clean with a 
tissue. Insert the cell in the holder, 
aligning the mark on the cell with the 
mark on the holder. 

f) Close the cover and reat ZT. KOTE the result. 

g) Repeat, steps b,c,d,e, and £ three times and 
take average XT value. 

8) Remove sample frr.^ colorimeter. If additional samples have been prepared for 
measureoent, repeat steps 6b through 6g for each sample. 

9) Convert the average XT of the sample to A (absorbance) by the formula: 


A = log 

10) Obtain the UDMH value from the calibration curve. 

11) NOTE: UDMH impinger sample should be analyzed within an hour of collection. 

F. Calculation 



The concentration of gaseous UDMH in 1*2 or air is found by the equation: 

9.55 

ppm UD>Ei - A 

V 

A = ppm UD'bt in the solution sample. 

V' - volume UD!!H/U 2 or UD>rH/Air collected in cc? 
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Calibration Curve 


1) Prepare a 10 ppm standard solution by pipeting 10 ml of the stock solution 

to a 100 ml volumetric flask and diluting to the mark with O.IH lt 2 S 0 ^. Repeat 
for standard solutions of 8,S»2 and 1 ppa NHH by pipeting 8,5,2» and I ml 
respectively instead of 10 ml. 

2} follow steps El through E8 in the analysis using the standard solutions 
as saaples. Plot A, absorbance^ vs. ppm >!>S< on graph paper. Draw a curve 
thro^sgjh the points and extrapolate to 0 ppm. 

3) A separate curve shall be prepared for each colorimeter. A new curve, should 
be pr^ared if it is necessary to change the colorimeter laiig> or phototube. 
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FIGURE 7 flow DIAGRAM OF THE MMH HIPSTER 
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FIGURE 9 LINEARITY STUDY FOR MFIH HIPSTER 
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FIGURE 17 FLOW DIAGRAM OF THE NO 2 HIPSTER 


INTAKE 
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